Applicability of Affordable sEMG in Ergonomics Practice  by Reinvee, Märt et al.
2351-9789 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
doi: 10.1016/j.promfg.2015.07.412 
 Procedia Manufacturing  3 ( 2015 )  4260 – 4265 
Available online at www.sciencedirect.com 
ScienceDirect
6th International Conference on Applied Human Factors and Ergonomics (AHFE 2015) and the 
Affiliated Conferences, AHFE 2015
Applicability of affordable sEMG in ergonomics practice
Märt Reinveea,*, Peeter Vaasa, Jaan Erelineb, Mati Pääsukeb
aInstitute of Technology, Estonian University of Life Sciences, Fr.R. Kreutzwaldi 56, Tartu 51014, Estonia
bInstitute of Exercise Biology and Physiotherapy, University of Tartu, Ravila 14, Tartu 50411, Estonia
Abstract
This study was conducted in order to assess the potential of low-cost surface electromyography (sEMG) measurement systems to 
be applied in ergonomics practice on the example of provided relative grip force estimates. Two measurement configurations,
with a total cost below $100, were compared with a commercially available electromyograph. It was hypothesized that Arduino 
based do-it-yourself measurement systems do not perform significantly worse than commercially available electromyograph. Ten 
participants’ normalized sEMG activity of the m. flexor digitorum superficialis were compared in the case of three submaximal
isometric hand grip force levels (25%, 50%, 75% of maximum voluntary contraction). Normalized sEMG activity, measured 
with different systems, was not statistically different. It was concluded that low-cost measurement systems have the potential to 
be used in order to detect muscle activation-deactivation patterns or at least the semi-quantitative assessment of grip force;
however, the results of this study are limited to isometric contractions.
© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
Musculoskeletal disorders (MSD-s) have been a key topic in ergonomic research for decades. Putz-Anderson [1]
listed the use of excessive force, highly repetitive work process, awkward postures and inadequate rest as the main 
causative factors for MSD-s, but more recent reviews have listed up to 70 [2] potential causative factors. Obviously 
it is impossible to consider such an amount of factors in experimental studies. Most of these factors can be assessed 
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with self-administered questionnaires and the prevalence of some factors can be detected by observations but force 
evaluation still requires apparatus. Often Borg's perceived exertion scale [3] is used instead of an apparatus;
however, some occupational studies report up to 50 % overestimation in self-reported force exertions [4].
The main challenge of force measurement in occupational settings is the representativeness of the results, thus the 
apparatus should not alter the task or require interference in the work process. Both force sensing resistors (FSR-s) 
[5] and surface electromyography (sEMG) [6] will satisfy such criteria.
In a review Hägg et al. [7] lists three major sEMG applications in ergonomics practice: 1) detecting activation 
patterns of muscles; 2) estimation of muscular force and 3) fatigue assessment. It is obvious that the second and third 
applications are impossible without the first. Muscular force and muscle fatigue assessments with sEMG do not 
necessary need to be performed simultaneously. Often the EMG power spectrum is used in fatigue analysis, where
changes in median or mean frequency are used as fatigue indices [8–10]; however, critics of this approach suggest 
joint analysis of the EMG spectrum and amplitude, i.e. the JASA method [11, 12]. 
Several authors have explored the possibility of estimating grip force exertion via EMG amplitude [13–20]. 
However, applications of developed models are usually limited to the conditions they were developed for [21]. As 
the motion of the human hand has 27 degrees of freedom, a perfect model would not pass the cost-benefits analysis 
due to amount of calibration required. This would also require recording the signal from multiple muscles. Some 
grip force estimation models [19, 20] included six muscles (flexors and extensors), however, both of the studies 
report only minor error reduction if the models included more than three muscles.
Other disadvantages of EMG measurements include complex data processing and the cost of the apparatus. 
However, ongoing engineering progress permits concurrent attempts [22] to reduce the cost of the hardware. Recent 
examples of low-cost sEMG applications include rehabilitation exoskeletons [23] and hand prostheses [24, 25]. It is 
obvious that such solutions will require successful recognition of muscle activation and at least, to some extent, the 
estimation of strength exertion. The potential of the force exertion estimation still needs assessment.
It is possible to overcome the technological complexity by using modern day low-cost, easy-to-use prototyping 
platforms such as Arduino [26]. Also, the capability of Arduino microcontrollers to sample EMG signal has been 
proven [27] and it is possible to purchase commercially manufactured Arduino compatible sEMG measurement 
shields. A shield is a small electronic board which, if attached to a microcontroller, will add functionality and thus 
only minimal soldering, if any, is required, which reduces the practitioners’ need for an engineering background. 
Only knowledge about functional anatomy and physiology is mandatory. As the access to sEMG measurements has 
been improved in the last few years, it is natural that the practitioners, specialized in the domain of physical 
ergonomics, are interested in the benchmarking of such do-it-yourself (DIY) measurement systems and the task for 
the scientific community is to provide the assessment.
The aim of this study was to assess the applicability of commercially available low-cost sEMG shields in 
ergonomics practice. It is hypothesized that Arduino based DIY measurement systems do not perform significantly 
(D = 0.05) worse than commercially available electromyograph.
2. Methods
2.1. Test objects
In this study, low-cost measurement system is defined as fully operational sEMG measurement apparatus with a
total cost below $100. Initially four commercially available sEMG shields were considered – ‘Muscle Sensor v3’ 
(Advancer Technologies, Raleigh, USA); ‘Olimex Shield EKG/EMG’ (OLIMEX Ltd, Plovdiv, Bulgaria), ‘Grove 
EMG Detector’ (Seeed Technology Inc, Shenzhen, China) and ‘BITalino’ (PLUX wireless biosignals, Portugal). All 
the shields were tested prior to further assessment by recording the sEMG of maximum voluntary contraction from 
two subjects. Although BITalino showed promising results, it was excluded from further assessment because 1) it is 
not Arduino compatible; 2) the cost of a fully operational system exceeded the limit of $100. The Grove EMG 
Detector was also excluded from further assessment because of low signal amplitude and it was impossible to adjust 
the level of gain.
Finally, Advancer Technologies’ Muscle Sensor v3 (adjustable gain, input impedance 0.8 G:, CMRR = 90 dB, 
rectified EMG output) and Olimex Shield EKG/EMG (adjustable gain, input impedance 10 T:, CMRR = 80 dB, 
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raw EMG output) were chosen and connected to a 10-bit resolution analog input of an Arduino microcontroller 
(Smart Projects Srl, Strambino, Italy) for A/D conversion. The performance of these low-cost sEMG measurement 
systems and the electromyograph ME6000 (Mega Electronics, Kuopio, Finland) was compared in a hand grip task. 
In order to provide comparable muscle exertion, an electronic dynamometer (Neurosoft, Ivanovo, Russia) was used 
in this experiment. The dynamometer’s I-type handle was an elliptical shape with a circumference of 13.5 cm. 
Bipolar dual Ag/AgCl disposable electrodes (Noraxon Inc, Scottsdale, USA) were used for sEMG measurements to
maintain constant inter-electrode distance (2.0 cm). 
2.2. Test subjects and procedure
Ten male subjects with (mean r SE) age of 24.9 r 0.7, weight of 80.4 r 3.3 kg, height of 180.8 r 1.1 cm and 
maximum grip force 397 r 13 N participated in the study. The hand grip force of the dominant hand was measured 
according to the Caldwell regimen [28] while the forearm was in horizontal position and supported. 
Based on initial maximum grip force (isometric contraction), three submaximal exertion levels (25%, 50% and
75% of maximum voluntary contraction) were expected from the participants. The participants were instructed to 
gradually exert the grip force to the intended level during 1 second and then maintain the effort for another 4 
seconds. At least a 2 min break followed each exertion. The electronic dynamometer and its accompanying software 
provided visual feedback for each submaximal exertion level. The sEMG activity of the m. flexor digitorum 
superficialis was recorded simultaneously to grip force and normalized to maximum voluntary contraction (MVC).
Microsoft Excel was used to calculate normalized sEMG activity (EA) using the following equation [29]:
,EMG MinEMGi j j
Normalized EA
MaxEMG MinEMGj j

 

(1)
where EMGi,j is the actual 4 second root mean square (RMS) of EMG signal taken at submaximal exertion level 
i for subject j
MinEMGj is the RMS of EMG signal taken at relaxed state for subject j
MaxEMGj is the 4 second RMS of EMG signal taken from MVC for subject j
As MVC is known to be a motivation dependent variable [30], ANOVA was run in order to compare differences 
between the MVC-s of three apparatus configurations – the differences were not statistically significant.
3. Results
On average, the normalized EA of the m. flexor digitorum superficialis underestimated exerted grip force 
(figure 1). Differences between the measurement apparatus were no statistically significant F(2, 76) = 1.9, p = 0.158. 
Fig. 1. Electromyographic activity, normalized to MVC, on three submaximal contraction levels (mean + SE).
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Fig. 2. Absolute differences between normalized EA and relative grip force (mean + SE).
As expected, exertion levels and individual differences of participants had statistically significant effect on EA –
F(2, 76) = 233.0, p = 0.000 and F(9, 76) = 12.8, p = 0.000 respectively. However, in the case of some of the 
participants, the normalized EA also overestimated the grip force; therefore, absolute differences between 
normalized EA and relative grip force were compared (figure 2). 
In this case differences in apparatus configurations were found statistically significant F(2, 76) = 8.8, p = 0.000. 
Tukey's honest significance test was run within force exertion levels in order to determine the differences. Results 
(figure 2) showed almost statistically significant (p = 0.059) difference between Advancer Technologies’ Muscle 
Sensor v3 and Olimex Shield EKG/EMG at 75% MVC and statistically significant differences between Advancer 
Technologies’ Muscle Sensor v3 and the electromyograph ME6000 at 25% MVC (p = 0.024), and 75% MVC (p =
0.006). Absolute error was highest at 75% MVC; however, such exertions lies outside the range of most ergonomics 
studies.
4. Discussion
Both low-cost systems could be used to detect muscle activation and for semi-quantitative assessment of force 
exertion. There is a certain systematic error in the results as in the case of the gripping task, one muscle is able to 
explain less variability than multiple muscles and any further investigation should involve at least three muscles as 
is currently believed to be optimal for a gripping task [19, 20]. However, this error is expected to have equal impact 
on every configuration of apparatus. Still, the Advancer Technologies’ Muscle Sensor v3 was found to be 
significantly different in the case of absolute error. Potential explanation may be found from the Muscle Sensor v3’s 
product literature. The circuit on the shield contains a high-pass filter with a cutoff frequency of 106 Hz, which is 
supposed to reduce artifacts from movements or AC current. This could be an advantage in the case of dynamic 
conditions, but this needs further testing because the current study was focused on isometric contractions. However, 
as a conventional EMG sensors’ range is between 0–400 Hz [31]. Meanwhile the Olimex Shield EKG/EMG is also 
used for electroencephalography measurements and no effort is made to filter out the lower spectrum of the signal. 
This might be a weak point in the case of dynamic force exertions which are more prevalent in field conditions. 
De Luca [32] has expressed concern that often the correlation between the sEMG amplitude and force exertion 
might be misleading and if the sEMG is easy to use, it will also be easy to abuse. As the cost restriction to sEMG 
access is reduced, the sEMG measurements may be more often carried out by so called voodoo-ergonomists. 
However, the driving force of low-cost sEMG development lies outside the scope of ergonomics, thus the 
ergonomists’ community might either embrace or ignore the potential of low-cost sEMG – it probably won’t affect 
the development of such possibilities. The results of the current study imply that the low-cost sEMG shields tested 
will allow for the detection of muscle activation (i.e. on-off) patterns and at least for the semi-quantitative 
assessment of muscle force. Fatigue analysis is restricted as the output of the Advancer Technologies’ Muscle 
Sensor v3is a rectified EMG signal and there is a shortage of easy to apply fatigue assessment routines for raw EMG 
signal in the case of Olimex Shield EKG/EMG. Although the results are restricted to isometric contractions, the 
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shields tested in this certainly have educational value. Low-cost sEMG shields could be used to provide hands-on 
experience in order to learn the importance of electrode placement or the need for extensive knowledge about 
anatomy. Learning to appreciate the virtues and shortcomings of sEMG measurements during different types of
contractions could lead to a better understanding of appropriate scientific literature. Thus a low-cost sEMG 
measurement system might benefit the learning process in life-long learning or on a higher educational level. The 
Arduino prototyping platform provides the opportunity to measure various factors at a relatively low cost. 
Simultaneous utilization of sEMG and FSR will provide the opportunity to overcome their shortcomings during 
force measurements. 
Conclusions
This study was conducted in order to assess the potential of low-cost sEMG measurement systems to be applied 
in ergonomics practice on the example of provided relative grip force estimates. The performances of two low-cost 
sEMG measurement systems were compared with the performance of a commercially available electromyograph. 
Both low-cost systems could be used to detect muscle activation and for semi-quantitative assessment of force 
exertion. The data in this study is limited to isometric contractions and dynamic exertion requires further 
assessment. Also educational utilization of low-cost sEMG measurement systems is discussed.
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